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usHiic siQf ywpuryf^ttl,<sii tKOud stildlaiic^ ai&d i s not* 
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f o e ti-ie mtsac^ o £ ioeor <3ki)9raii oar dtiploraa. 
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Cba^t^ 3 8 pRoai^yi OF SUDY J 4 
iii!HMyn i' ' f r r f t i i i 
2tiu g»o^  th Of ix>undary laorar caa tkm bladhas 
of ootxpr^asoxr cascades has hm^mx s t tMi^* f^ansition 
points on the bXac^ surf aeoa war© pradicbod using the 
weXX«4anko%m Mdli^*@ raethod. I t i.& obsftrv«Ki tliat i3m 
eihoy& Biotboci f a i l ^ to pxradict tl)« txfiuasitico jpo4itt^  
on the blad^ prsajmrd eeyuc^ M:^  £or 10^ inoidoiKZfd a t 
Xow«r EepioXds »uiai.j«a:s* .joBm €Mim: mi&W^iod ms^, thijar«HEo»£, 
b^ Ui^ ad to prddjlct tiie tr«Eisiticm point utichnr tttd abovid 
c^Urourai^ iaiiajft* ^@ v«a.yp e^ H a t transiticm i s mBwiamA 
to 1)0 oqpal to X«4 in alX calcaULaticxis. i:lwal^s* raet^bp* 
oa @2id ^£nackeKibrocit*s ra^rthod aro usada t o caXmalate tho 
Xoiainar and turbiiXant bc»aiidary X^or grc»«r^ i res^oetivalv/ 
FinaX resuXts ax^ jpr^sentoa in tlie form o£ c^ vmxmm 
R@QriK>Xd8 wam^^msm as iRiggested lay i^aidi^l & sc^oXs* 
mm 111 iWTpBiifijf Wnnrim. 
ov«ar t i le IbaLaa *^ 
^ 
* 1 ^ waiiX 
< ^ * ^ ' ' 
3f^ Half ttiu^ rxuf i ia tMjcammm mt tfeo is^ ynst 
S S^pmom hei^mtk turn QcmM&<mt^v& bXadtos 
la t ^ cascaae* 















iQdbLcatus poifitH o f mmf^«®.%^£Mm 
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ODBWi to9)0l£tiar a;t ttMi blad» Israiilijici migm and feo^t tli« 
blude valc»« ^0 tho i^^ dN^a uvcmti§ ^kmn 3tjr«»am« a mijfin^ 
l^ xcsDCiHS^  vis^ems actioist l^i^ £2fiK^  becK:Mra@3 vmUk^sm a t 
fiC4ae dis ts iK^ biihljaNi tl^a bJU^^ tralMjBQ edge* 
Ai^bhCKI^ i a »9t3Q^ p r a c t i c a l plXlblWBtt^ l^bO 
portion e£ Idi^ tixm £tmlA,tt p^Uiys a atteisiv«» part^ i » 
l^a <Satagmtaafeic>n. «£ Um. actual f ICA^ c^iaract^ratsi^i 
^nmloxnti^ Oil mmsmm U>»mm i s €>bxi<»tt8« sine® i^» 
f^SttltlJig ttf«dk« £oeaiateloia oontalns a ^'&^^ct i s t o t a l 
pdra«iN«r#« &m amct&c^ hoxma^&xf Xi^mc can also «M^rt a 
stSQiio iii£iitaao« <m tiaesiirfaoo presmsre dietribi^^icm 
s a i otxtitiMsi m^9 c^iaract»ratics «£ tiKi laiiadQ. X£ l^ui 
laouBdasy ia^ f^ otr Is vary thin,, t ^ prasa^ra distrilsntioA 
f^taiiMid ^tum pototatiai tXjmt e icmiatioaa ovar tha 

tjmtfatm' *Mi«'iTmMltl T i l s i ^ ***<> '•Mrw»tt4i»<^ ItiJSQIim. ^SSdM MUHOBSttt 
2. ^^.^umM^ &mm^ 
miabX&» OS to ^J»d oixt tlSiQ aa£od:^ «iaral.c loadiiig of 
savi^aX mg^km» staxtimg %ri^ a lafainatr botmdaxy 3LarBV 
Slt@ X^ninar la^«c aay cHs^ Hsrata £rofB ttie siir£ae« e4ti>ir 
fuXiSr of panasr* Xa ttie lat/eNC ca&« i t X't3->8ttadti@s 
a£t;*»r a x^l««l 0f ffi^aratad MMM^ tt nay iae laan^Usnod^ 
^bat tlM t:u£t>ia€«it lx>t«»aiary la^ror aay a lso 3<^ jp<»mt:# 
fsc^ t^u &iir£aoa. i»^h CS) has l i a tad tha ^ l l o ^ l n g 
iaotoxs wiiicti IMXtHiRica tibm amxm o£ ttua bmsnlairv iMSlia: 
. 1?<icagp^ rat«i»r# g]rad4*aat« 
siiote<loci oat hiMfMixsg 
OooOitioB a t '^atart" of hotmSmxy Isqfm 
9&mmjag walc^e &e imataa^ tlem 
i 
3^ es f i r s t s t ^ i s to caicuiat;^ tb® vaiodltgr 
diatxilaiitjj^e xrouBd ttiu t3ilm&& for l^i^ rsai^e ©f iaCtciw 
soagias o£ intmmst, 'Sim % t^tll kaoua Marti^iiisoii SKa i^od 
-mm xi«^t jit:^ i s tt»9 caa.cm3.atic» of tlie 
boi«3B^ £^y I<:]^ ar pairaiQia^ra conrcft^ pc^ tdtiiiMS to ttiaa^ 
^^Icxslt^ distrUbMJi^cse^ ^ r tha £olloidisg ];»arta s 
c> ...fii^ Uiai: sMs^i^atloB poiJat or t r aas i t ioa point / ru 
«*9icm ana iM±>l<» atz& 
4) a\irbu}>^lt bDimaary lai^ '^ ar s€f>aratloo pol>nt 
«3) i-ocol Uaat tiraiis£@r cc«a£^ciaOit.s 
l>is»iy <3arXii;ar stu<li#is a«g. aohXiditljag C 18 }« 
sdtilictiticig 6 3c^ K»l^  <19) ota« WCQ basoa c«i tbi» 
«iaQ#» sa aoi» mfpm:tmm^^mX c«tau£i trs»sitiG«i poizi'fe iJi 
a£:0at«*a b^ iiil»\.i<3wMatog a t r i p wira a t thu l«tiM^ Uliieg 
«Kl9 .^ iiGN'<i»v«a; |j» actual pract ice thora wi l l hQ &oa» 
r#gioo o£ X9a4jmx: 'usmidarst X^vw «HI ^«^ i>jl&^ ametmmm 
r«>aontly Iqr v^akor (1)# aorlocfc (21}» bui aloo aositAon* 
~«id tStm abov«i r«dEr«tiott «Ml gwplatfiii t^e ic^portanot 
of £iirtk»ir' stoajf of litii» abov@ ta«inti«xi«d ai^pwst. 
iittlkinr (1) ^Mi @«iiai@a lami boixiaary Xairor a^veliSiawmt 
^w^ar of a singly* staga aacial. 
on t l is b3L#cl» o£ t^ Mii sta't-^-r of a Biaglm st-ig^^ «t»dLaJt 
floi^ cvi^g^pfissor* !iS«9r^  i s « £icixk<ad raglcti o£ 33isiaair 
cait£»«Kl 4ua tso t b s pr®0«ic» of «bft to to r* Bc&^ (43) lia» 
Llad^s o£ a oaeeprmaaor oosceuld* B& v^&d 10C4 | 3CK30 
and li>C4 I SQC50 k^a^as %fil^ s t ^ g ^ r o i 30^ atid ai^p^et 
r a t i o o£ 2* lh«> mcldcaaeMl vm^ v d r i ^ fr<:A «»S^  1s& id*^ 
Oi l iilzEt ^ctmi<3B9 for £J|^ c^ vliiNaQiiis^tloia was a l i ^ 
ackjp^^ i:^ liisi* jm a i«0 oc«l£ifin«ii tibat tbeora was a 
XaK y^nior r^^^iim OD liiade iHir£jSK3«i« l!or varl^Nuts itieiclniafiwiii 
QvmMx ilt^) turn «3.@0 8iNaaaar«ii hmmadi&xst 3-ayear ptariwsl»r8 
OQ 41 !#» aG p^«»et r a t i o a:»t^^r«stM»r caiKaaaat o£ l i i i ^ ow^ber. 
!;^ €i ooeaplu^a viscous flow i^M»it cmmm&» 
&met$£ms i s g@»iKrftily consi/^mcm& tc hm a.<&ms3cU>9d la^ 
^^km (aqaatiecui u&v&ix ^nyttMrnm and th^ oo»tlJEiiiit3f 
v3qtiationa« Be»r tsNo dtoaBsienai iisae»ri^x^asi^3.@ flow 
aogi^ctiiig bo€l^ forces* l^^oaa <Kmatloas ar» % r^i%t€R a s 
toXlmtm t 
MIMW 
Slid l a s t d q ^ t i o n r€|;>r«s«iits tlks «3oii«litioB of oon t imi i l ^ 
ili« mumn m^mtixmB i o r non^viaoiMis fioidls C€tt be 
d3tai&@a 339r s e t t i n g tUm kiiieiB«feie visoousitaf eqpai 
(20 
•Hbm m^lmbUok iME @c;pi«ttioii (^.X) has not hmmt 
£oiaEKi iM ma^ bitt t^ «3 edi^Xo c^s^is of ij^silaar tlxM' 
A tt&ix^itm £€»r the flew tlir<e»ig^ an. oxi^itracy c^Bem^m 
ijy OD&sidtixrixig ir@latlv«i aaQiiit»cid8 (witMn tlie botoodacaf. 
i ,^ t^ } o£ Mid t^ oEiBli iif><^airiiig in ^qpaticma ( 2*1. > 
tb&t ts^stmn o£ aq!aatl£Nci3 can b«i r*»iuc€9a t;o the i&Iljoir**' 
i»g I 
- mm. -j-" iiaiiiiin m im at O 
- (2.a) 
tha cmrvactura o£ t^a imrfacu mi£fici@i3t2y sem-XX t l iat 
t ^ i pra&mira gra^iiaa^ 'laocaial. iso tlia. suirf ace i a 
dstieaMliiad £roo tha potootial. thm etttMaa ^ a bo«aid» 
a£y I^yior* Bqpatioias (2,a) rapiraasnt a aignificaiic«: 
@iPI»iificatioii Gf <i^patioi»« <2*1> aad hava px^vad 
r ^ l i ^ . la i e medogr flow j[;»pobJL«nHi« l%iieNCtiiBt@#aly » l^ tia«ia 
aqiiatioiii»#, alaHf ara vacy d i f f i a i i t to ^aelva in wmBt 
c^a<m #%]raetieaX iafe«ir«0%* 
was iBiaiam 
l^ l«m Kaiin^^ who intagr&tad tba fiirat of tlia a^^mtioiis 
«f 
{ 2«2 } t-?ltl3 re3ij.@ct t«> t mid thesi rt^jjiac-aa tije 
bC'«BKi;ary lay^ar equation ^..'itli ^ i iotss^^rai ocadltiiisB 
tiiat csas bo writ tao |ji t^ ti© ^llcr^fiiiQ form 5 
I  mi I nil III i«iiiiiiii|u, a i ••»yi«««»«M«rf«w^i"«> J ^- * • » • * % « » • * / 
t e b« »atis£i«d €«ily in tim iJioan lJi3toa«a of a t cac^i 
pointe ali»:i9 Qocmal to tiia murfacd i n «3%a bounaasy Xi^img 
r^ixm* .^qptatioii ( 2«3 ) had psovidod ta^ basic <9Qt^tic«l 
£er wo0% o£ th<;» 9«^ 33iaral l)Otif)da«3r X^ar inva^tigatictfiil* 
(2,3) £oe ttppjPDKiaiataXy aolviog thfli bcKaaOaxy X^ec 
pr(x>X«»a %;i1^ pr^ssura graditint for bot^ X^sinar saad . 
tyori'^ ttltac^ f xouft* fli3s«i th<iori«»8 c:.xt^ tcHa€ihb aot oc^s^X i^t^  
aa^ 3iica€tsj9£iiX# jpaeovia^ si mstm onSevXy ao^mv of sttaciiiag 
•^fhe psdblma for <ii«^ar tlie Xisn j^aar or t ^ tocbuX^n^ la^ 
a«x 
3^ ir<@ ar«i ismigf laisithode of coXcul t ing tliQ 
XaBdaar laouodary Xay^v paranetiars auc^ ais T>.w9A.t/&e { 1^  ) 
i^ Xis ( n )« l o ^ t s i a n s K i i ' s C n } &tc« aXX tha 
sialstio i^a tiav<d etiaiXaar «R^pKea«4oi»i £or f iadi i^ otit ^ # 
E^tQutSi o£ Baonestiiffl ^aideaooii eeeqop^ t^a tma^r i c^ 
OQik0taBfe»ii Zt i s Ifxtar^^stiag to xsotu tha t th^ pr<dciictaa 
9 
iM^i^^^a^imaBltaX valii6t« a« o^ scXiKi«»d by n^s^ iovast igators 
.a.lk« wiOk)^ (3.)# mi:^ (43)# Qtsai3ir (1#) #!»• BC^^C43} 
bsm tasod i^aX^ iBe!t[liD4« ^Atm:&m» v^lkar U) «aiiE3 CuaOir (16) 
sMbtiod i&1d%3ir«dgor«i fK»ce@«a£y fi^tr the ooi-s^l^t^i^^Wi ^ tlMi 
i'Uistaffiiaig ^ l a t iSm voXociti' psof l i d i a tbo two 
aiiwwBional, Ijjgaiyiar JOoislda^ Sf l-a^r^r m&y bet r^ tpresMpat^ ad Isgr 
>^ <3pat4oo (2«3> radices t o tto« £os» 
'#itUHCii s i s jd«fiaiid as 
^-J (2 .4 ) 
laccorata ooBi^ Ui^ aticHm o£ ti^^ iai^«ar botSKlary layer muSL 
found tliat ia cio <^&m did tlid ftaacticxi F (n) dai>aiit f a r 
f rod t l ^ s t r a i ^ t Xi&& 
f 6i) » 9«4S 4> 6 m ( 2.6 ) 
atapladiig 7 0B) Iqf t h i s Ximstax caXa&lont iK|«tatioii (2•4) 
l^ads to an ««QpJJ.c t^ rolatiisli for t t ^ boundary lay«r 
-mammxixm thlcScii^ae in tmam o£ ttie swetaam velocity 
0 G-45 ! ! <^>c ( 2 . 7 ) 
y !j ^  J 
mr finding oix& tba ^dd^ir par@i9ait:,^ air» o£ tSi^ XatDina^ 
bDimaxy t&S'm: om& laa^ vam thd talale pcoviaed 1:^  
Tiami.tM» £er tl%^ ;i>turposd» Sh« above eqoat^osi BH9^  hm 
wxit^Wi i n s^ Et diiE^Kiiiiecbail £cyi^ as 
i.« l^U>«»j (j| ^ *«&«; (2*8) 
XI; i » paftiicmlarJl^ inoportusait t o il0t»32»iii»» tNi 
**lJOiitt" and PIPOQ90S 1:^  wiiioli Wm boun^asr^ ia^^ar 
ch^aigda fro» a laminar to « toetaui^nt st&tm am t h i s 
can iiavo a ^yitificam^ of f ocf; on 'tha" &&mi^famdc 
p»3c§ommmm e£ tfott C3sc«a« and a loaaX hmO;, tx&omt«c 
'Bm rdsaard i i^ txans iMt ia procaas i s i a 
mg$^ a Stat© Wmt Ka cci» s t l X l p r0 i i « i t ^ i l y a r a t h i c 
£*3al>ia progr^sa* re|>orfc« i*»lfce ( 27 ) has r^aoaiicoa tamt 
tb© f i n a l r<^3ort cas t r om i i t i oo^ iadood, may never h& 
himdeA in* H i . i t o r i c a l l y ©video©© luas oo t l.a«» gatl ierad t"n 
c»ffi9taativ«i £ai*aiioi!i« t^ba buJUc o£ c ^ i a i i m about t raeusi t i im 
mj^fLag draat ie^Qiy Seoia on^ laicKscmosisytioii tc^ aaat^sse* 
lltm Raleigl i l^viaKaid ^ ^ o r i f t a t2ir@»«F «^ a sa^t^e mcr^&mi 
i t i a^^ the r a a i c u l p r i t s r e s i s t i v e i M i o i t e i s i i a a l 
inatalJi l i tgf* !ltiao,wti@» t ^ ta«Q d i i tens io^a l !£iDllii^flnt ^ 
Sdbtlic^tizig «iav«us \fi?tsri3 f l n c i l l y |>£iiKllct#d« raa^arctiars 
igi ios^d then bec^ise t^bd ov£»:wti^li!iiiiQ Imlk o f eMperto^lits 
po^ypitad clissirly ^ ' t r ^e is i t too a» a thr^Mai «lim«»uiic3i!iiil 
*m^lomU3^ ' l» to tyyrl::^€iim^a« icm^B Ict-.^r^. tihrn^ acii»&>afk»i»r 
oQid sicraRUitaS (6) and a l^o ^A^^mmm (28) aoct»r»antadl t i i o 
'Jbll ioiai iwacli l ict i t ing \fsmmt t hu naiib o f c^dnioci i ^ 
et^raod t l id t&vo dlmapatcmal cans® %i'a£s so grmi t tifctal; 
iS&sistamk*a oX^^ar i n d i c a t i o n o£ sp^t3^i»9 £l«KS<»ikQtieiiks vad 
3Btir@ly i<;piOJi:«ii» i^ d#caiat«3 latar^ jiapocis €2§) ^Kscidantal l^ 
not iona i^porodiG tiu±»u4«iit n^pots oa ahaU^w runcUUig watoar; 
tMo dimensional i ty was abmidoiDid and sucklsnly* an nor^ov in 
i 2 i ) iiisyly not«»8# "avacytJiMii was scoing i@|x:st4i"* X t ;'/«r«s 
anottoytxr dacoda b<i;^>rtd Kl€&!uno££# Tidatroe^ and ^ar9«M^ 
(24) c l a r i f iud tdie as i3« i t ia l iateooaadiuta process invoX* 
v ing l^angltudiaQX '^tm^'SSr &••• ^?mmtQ& anargy aa»!i»ii9a* 
^iddad t o t h i a l a t ha annoying a n i t R«ar^nold8 xuxk^ a££e 
««te # lay iAii«l i t i r ims i t i oa x^roc^aa. d i f f e r maaog tb» vario^.^ 
c 
p#Mi» l^v/^rd ^m^kii^immti, Warn cop^^Jl^^tliMi 
i^w^oaiigyafeacl om Wm Ijsm t^ma&t mmo^ vmSiXf m^ ^^.mt 
f|0tf MjkUk ym:%^l& ]^m>9m£t@ g^&Si^mB^ mA m» a» 
mMkttMxm ^^"^fv^ fisTftifr s^mms ms^ 
as «g)|>4cii3al £o£i^t;ia« for tli# ^D0V@ coarrolaticm as 
Reg (5^0 ;^ icceC'^ O "^  4so-i- ^ooc '^  ( a»» I 
I t m^ hm tmtma tliat for 41 f^votirsiiia pras^ina gjr^ d^€M^ 
i» liar do^o &tsmma» ^Itiis Xam^^c^ma mm to tha h i ^ 
Bts^txlXl-t^ &£ t ^ tmvm3a:^ii^m pi7o£ii««* iSonv^mm^ l a a 
a^pasta^iiig £!«» C ^ w^ -^  - ^^ '\ ) tli« laa^ t&em of 
<i(|aat|icm < 2*9 ) I s »agXigibJL# whi«lk flilQ»3 tha t » ^ 
'iwmmt (32) # /^ pc»«tpld c^»iil<o <33)« »;ila@ii & F<#@ (34) ^  
uiabans <t msamx^dm (39)« fbU-ard & QosfeaJLow {$&) tmA 
wal}c@r (37) • Hd lias iaainti<Qiiod t h ^ tMto distljiKSt tomm 
t ioa of t^ia £Mi»* % i^i<^ i s tfirl:!^ati|s; a t a i ^ inutatt 
i tatmasL%tmie^ ) £xm& 0 t o 1 t snS 
b) "aiil3bl# tagaa8iti<«B"t A laiBin.^r a^^aratSoo l:!ii]Qb|,9 
D a^iiaB) (33) in hi# p ^ a r haa iB&mtSoiia(3 aSavna^ 
tha J^Odc of Hall & ^ilsi^iiiga (44) aXso« ulio ime r&vtmim& 
H^ ^m^oum iwailiocUi of £»xr«idi«t»lng tranait l^m, DticiNPt 
haa ai0O sisai^Ei^od tisa work o£ liDr%oa (48) % 3^iQli giv&m 
a 3arai ^n^pirical l^acMcy £or tiia ^^poi'^ aaa b«ra«:|jig o£ 
larainar tsk-'^gmx^tiim I3al3t3.«ia« ifa goaa <m to aa^s 
** tlia gaoeataa. oc»)cliiaio» i s tmavoidabia tdiat tha 
]gi3mmm^ l?caiiiclsioB oai^boda r«aaiii tii»ci%rtaiti 
mad H^At aany caraftiX an^ierinaitta ara 
uhit«i < 2t ) has r«a<acaB»HNaia<ad tkio ii@» o£ 
a^ wacmstrdbXy nora rlgoxoua pxmms&m& Q£r$,vmt» Hm ha* 
XamlxiKr latMioaax-y }.ay-^r* Bor t ^ i » tlsa 3«»caJl RayaoX^ 
u B" ±a 
mmSi^m horned m* Wm dt jpIaisacEMin^  i^camsma i^a* —-*» ^^ 
aaiag ixt n^itygta aa Wi^ M^ag^lMa'Cgaem^ t^ 4.c%xiaaa tjiar^^ksaa 
towarda t r a i l i ng mdgm. m t a@ t^ «i» anivuirsaJl tur^se^ in tb<3 
A circle® batswiWB ( ^ icEritical ®®^  ***® i*wpQ f»5t«»r >^  
««i@t@« vatiicti i a g&t, iseaEO tiia atuabilit^ C9c«iai<l8rai^ ioli 
of ^ # be^Bitiarsr ie^ ^^ or aqgHiatijema. ao for avavy po;iBt 
aioeg tti^ a biada <iboJ?a I*i0 inOn^ ©f < :^i| ^ar l t ioa l *•* 
caS4aaia%ad ctaassm^penosiiim tci t^^ ioeal imJU i^ of iiliap* 
factor* Bia fleiw i s said t o ba atscPoXa i f tih& Ij&mX ¥aX«e 
of "y^ i a i«Mi t^Qii «ba earitioal vaiua ofetaitMa by i^;«ve 
laatitod* aco^Mdins aliocig tha iamdnar hoaa&sry Xigfar 
in ^ « dgi^ •tytaam div>^etioii fffoei Isl^ a iorab/asd atag-
natiim pc4i^ a t an ememmd oenafeant b e ^ aaj^ DoXds 
in pc@a;^ ur@» BQEt^  mx thei m^^aat tho boiyndnxy Jtayiar i s ^^yai 
. *f 
and co»««j<ieaiitl^ Urn Jlical l i ^ n o l ^ iM»|-j«ar i:^ t a saaU.. 
1hMri»£oi:«> tlMi boundary la:r«ir io stable* rj» godii^ <sm £mMme 
^•^wer ral9a# t i l l tims:m i& px^a^jtrd i»cr@»j,aa bct^ijod tim poSJ^ 
#£ siiniimaia ppmettiro* maoo Utm local liii^t: o£ @<fe^lliti^ 
"T-* - < '-^ -^ci^Ucal ^ - ~ ^ "^ ^•^^ ^ 
^ik polii't iB ISKSRfii as x>oittt. o£ li»irt:^illty* £'raa t l i is poi&% 
imua£6M tkm hom»di^aXY l^'^^ l a unstablie. I t s poaitioPi i » 
«»vi<laixt2y a foadiicm 0f tlie Rsjpoids yasstbar ~^^ &iiia9 
i t ( R^srQolds iiunibflr } iis^jnaoc^s ttio local boumiary l^^ar 
thicSqsi£$«a« Miirali ^cti^i (20) lia» taiceii t h i s vai^ y poiiart of 
in»t;abili% as tiKi poi l^ o£ tran^^tioii. ^^Uld th9 p(»lJit o£ 
tCMi^ti(»pi l i ^ s ^xsurimsitxmmt o£ ttia i.>€>i»t «^ ia»taL4iiiK^« H» 
lieui also SMmtiQnod that tita aist^mod of mg^oratiaa. h«tei>fmm 
t^iu tt^^aoiritic^ poixit oS izii^tability and tho a3i|;><»i:lm«»^ »al 
poix^ o£ tOKiaitloci varii^s from c^sm to caa«* 
tr^oHiticst not aa an inat^xtfitai^aouui &a» ts^i, as «ib iregioii. 
m davsiopod n nift« &ctt«»tt o£ predicting t rannl t ion whidi 
bfirt^ s^ r daac:ribad t**& €*>B*arvied b«iii<::.vloyc a t . low 
ii«i^ ^nold5 amkmca and higli<^ adv<a^ &«i pr«i>a£Rirfi gfodi<Qet» 
icQia tti3 poiiit of neutral s t c ^ i l i t ^ of fSam 
laelnar bonndiiry 3la3f«r to mmll ^lo^-^iissmioiotml 
diBtXiXhisTHG^B, t o t:na poittt e^ %4iitii localisod 
rogiotis of tu£t^ «P.£KEi't flow f i r s t )^pp&&xf mad 
2) \^ " tx^udtloQ rogic^^, in %4iicSi tuii3 lttt^ atffilt.t4N> 
iiqf of turbulonco lociraa^aes from eax%> t n cmo 
ano tso tltm aproaOing of locallaod spots o£ 
sho point of wmfsraJL atalsi l i ty to asiall 
ii»oQmdi;siimmisifmX aial^rlaaecos in tlis lapitnur bouiKSarsr 
layoor lias <lotttEiBiiiod fnxi) th@ <mnK3 of o r i t i o a l boisoKlary 
layar H<irjfiiolcl@ wsiib«ir R ^ isarit. ^ '^^ ^ '^'^ ^ pB&smxem ^9d-' 
i a» t j|^ aKWi9t<«r K, givan isy itoaaidiaeiA ( l l ) as tha taaan 
of aal««latioiia Is^ ^ tmndbar <»f MpcS^ora. 'Bm m»S. of tiM 
iiistal3ililiir KaoMbOi^  iibicdb idJ.i bo oaXlad tranoltioci 
PGiBt# uaa ijufttrraS f^ eoei tlia dtaorottsa i n boise^ 2ai?|f la^^r 
ighapa fgic(K»r H» ttvi li»araa«a in i^kiA &:ictio& and aoiaa 
laval iM<^ r o s m t froia t^ia onoat of tlie toxi^tlaiit 
alKing. "Stm arxtiMr i n loosting Mils point i£: idieisiKtife t o 
have ba@B l a s s ttiaa 2S4 o< obord in saost o ^ a s . Slia and 
of nm t rans i t ion ragicm* i^tiara tha boiaidair]^ lagrar flow 
hoemm opntiwaomay tnrlaalant* was indicatad h^ iSam 
ftaabiHstttion of iftv^ ;»a tae tor , iftein t e i c t ion and naiaa 
lav»l t o iNOiaaa obaraetaeiat ic of tarbol^nt 
isia%al4.14^ and ^^dBsi^ion ceioas ar^ eboat 40:^ aiid 
QO10& U)M teranalt|,c3W point; 1® ^litiai^iid i^ li« 
Bsaet atsup iB t o calculate Ii:i9 lBf£i3al.««ife Ix^mi^mE^ IcS a^ar 
gfipit^* 3lbar«3 4«9 mam^ m^Mom of oonpitfeliig tSM l^aoon* 
I^ QMuOa^ li* <8MO«<5llinain»iofiiil ti^ E;>»I«ilfe boundftc^ XojFm* S» 
gaaecaX siMti «Bal3ria.s mm hm dUlvi^ dkid in to tMO t^/pm^$ 
1) zntisgrfii natdiods aaxoagd^ msaso&m th@ boVHiai::^  
2., Fini te di.££@rtyaacs«, or dlf£#rcttei^X mJt3no^ 
viliicS) &tlSiacB|>% t o solve t^ -'O £«ULI j^eortliaJ. 
aifieiPM&ii^ o^p»t>ioe@ of ttm hcumSimY- la&^Xm 
Ha. %m& m oo»3iiffii»oa %im» haM * t atstnfoed 
utilcfe pj^tiidtiiS A f^pimumA mmx^m of wei.l*«9»dLiloa bo«i» 
m^mey l^^fmm ^ii6imi(Polmt & Mlvwfe C3@>| iosr « direct 
cts^ek tm t^m msimae&a^ o£ tii« iwtiotis iniiilio^* €00 of 
ti3# coooUxusixxt &£ tho ooBftttfMiioai WM titisfc l a no weisr 
t^.Mnfeagsttl, aotilsoda tiorfii iMaclor %o t^# ^ff«iae«citia:i 
t$tm of f^ irytttifcMcat |jiMolv«d mA ^m fiecvgolttg oeiK^Ui*^  
d o n namr iHiirHj*r r»n>ii.riritnii"rn luafvo iidodi is^bMoee^SL notS»» 
o«l« io r t2)0 pwqpo^, 
a H ^ (39} Ima ma9d £l¥0 iBOt^ oOs of i^rodioteing 
i^ S i^nr to i lo^ <x»iditic«s aonaiasar^Ki go eocmc evme th« 
aewgtJMaa maxltam cd! lEmaximaighjLiiii li^ceilim. ite has AJLSO 
and I30ii8tiary 4a^«r otattrac^edtitJUai* lElitt ia9tilio<i3 cc^sia* 
«r<^ w«»70 Wa^am aim to aivi (1.8), '&a»acm&3£odt (18) « 
t^x^xfe£ordi (40) t i^fiie^U ^1) mad a^^mnam (42)* i ^ con* 
1) lOJ, €»£ the csEitAn^ oeuld ba b c o ^ ^ t laiaD 
toX^^^alo ligSf^Bieiit |^ Dovl4@d 1^ :»at vai»«3 of %• 
<»0«O4 wfts iii3«^ d for a3Cl*8 e r i t a r ia^ «iidi tha t 
fior S3^ »e3cQiiibee>dt «ad %iMa«)o«»*« m^tiiocls ^%e p^iitli ' 
fissssQ* set iMyt «t«if^ 't»*.'i*ifc««i^  nw aaoiisafiinf IJQ t t M 
^•^^••^flp-lll^ ^ r V I v ^W" • • ^ ^ • • i r ^•IPWiP'-^^pf ^^^•P^^^Pi'^if lBPI'^^%^ WW^^^^^^^^^^Hl^^^^t^/^' ^M ^^m^W' ^f^r^^^^ 
b$ «te«rtttil i«i.^ tt m^wm of *H* AS i«4« 
iwinn1tr1l¥ffi t o RflMoenLds tmiabttBr <w^ jribtsuiiid t^hat 
an iaaicxmm» im R@Q{«ioid« ots<db«ar d@i«srs maigmem 
aitS<0B« 
S> st£«tioii)ft*a ii^t&od "»— asctcwM&y «Nidy t o «S3!plgr< 
vma lAm «toyi|,<Mit 4^ tlio iCLipe and pv^dictod 
«i30 1JO»«I^ j^asmmamm v^am t o o^^i^arotio^. 
* Book «ai^r«nce i s gi¥<eii. 
«nv«|(Q5Mi of aoetioB wme^uim ii^ XcMstt^  €^j^sl» 
PeJilAca £c Q&etaSjim (36) alae mMsmrvd thA 
hmmSaxs" Xs^m: a»iRa4«inH»i^  en « 6 iadb olierd I4adl» anior 
t^ M a»t3ditJUafi« of X9«3|jig mSgrn iou€Ni»s8# and eiifenAiwia 
using tiia «liqp:L« aaioitX«6ioe i^tlxacto dor lv^ 3a^  
sto pcddictioQ of th9 a^ y^ar ov«»r a sti^staiitial asroa GI£ 
o^ar tlia Jlaattim addo *^ a» i s ^^a oaco in aost high 
that 1^ 13 pe^i^aets of aiKatrata ottloalMteiOEia of tttrisiiiQiit 
mf^mtmijim wo^^m thm ocoiplMf oomlitiona aaaatixsg in 
tsiia rasults of BQ^>b> (43) €i»d Ouadir il€) 
a i ^ flhci^^ t^at for Mad^rata loai3iag 3acttc3c<!itfianadt»g 
nati)oa prt^ i^c^a .i!idn«»ti«a ftiiciBiaas gsRjf&'/th satiafactoxily 
axospt aaar ^la tcalXiag aOgn. 
C^ha m&i^aod aoa to i^nicfls^ iilaKoat i s msjpiMiJmA 
bulow* 
30 
in calculat^Ag tkm rjcm&aatvm tiiic^HKus^ 3^udk«Df 
brout fQU«I»#^ a dif£«ar@f^ p«& tha t HeXXeK^ cRl t^ ot^ NurB 
i«e« hiii mada Vium o£ tii@ aa^ut^ It^tiKjro}. ^ u o t i a a 
£or Ql3t3i»to9 ti»» ai^ Etf-@«sicm of tiir]»2XaBt booBeiav^ 
—~4—( u^S'"*) «2y ( §:y j^d.y (2.13) 
s - U ( ' - S ] V J <*•"' 
SiPic^anb£)Qidti. -foiSQd, a£t«tr dvalttatiiSQ ^ ' i t^ 
u'har© taie valiie 6f » v^  « ceaa bo tak«n as 4 fio» 
«aaJLI E^piQlild mmi^c m& d for larg@ l^ g^EioXas mnls^r 
*C^  * id « coa^tacife i^iicti tuk^ij into acciotSKt tts# Xsotnait 
porticm of astm bounaaigf Xa^«ri 'A* id aX«o a constset 
which Can hi& %sik*m om 0;*(^ 976 «ad x^^ i@ tin« poisli 
c^ tr^mttLtioBv..' 
a Cx) along tdau cwutottr of t3aa bcx]^ ©saewtialiy cms^X&t&& 
tim calcaXal;iomi of tsh@ turbol^mt, boucidary Xay t^r* i3txt 
ie^pacfetti a t largos RaynoXas fit»3ib@r aoiS «& gr^kattjc imgsixlm^ 
QQ»0 ao to fiskd tha positilxxa of tls^ a s^pi^ratlon sti,<mg tlbto 
ocmtoi2r# 3*tidic«im:»ro4t i!xti:%»ducad smotkme maa ^tm^m f nctsor L 
/ a n 
Jkmxfai H •'a*/© atadH"^ ^ /(9. Ih© Wamt limit of 4»feapratig» 
i a t3c|U»tl£»i < a*l4 ) Im9 t-iNSi ao dbooofiEi as %D i^§im 
(fi«t Plate») i.€i,H = H«^ >-"73 and ^* H.-1-4. 
finmXXy he got i^mmmmaa^-Me h tm h^^n 
i:?" Ufcr J >- Ut-, -J 
Ba <ii2i^ prd3a9di *b* in tio^us of wtsiEssmtim isiitdkomBa 
v^itb thu folloi^ii^ ^ppiSOxioiatlQCi 
vjhuro C, m •""•••' ", 
(2a9} 
a i s th@ iacH^ aoynolda i»*at>^« <»—7^)# tlua sutfiac ' t r * 
iedlcftt^® title tr^sslticiii pois&t ana tho mlti^s of n and 
i^ B * 0.13 to <*0.ia. vliich eotncmaptm^ t o H <» 1*8 Iso 2«4* 
H# aXao asstsMd tha t fltiap^ l^ot»r (H) imm^ 
<m- txM iiiKlij^ oit% tli# ^ s a oowe£iai«Bt« di^lsctJUon 
<Mm£t$xitm^ ttiii ilKiig co«^£ici«Hat «sl». Ika: m 1s*fo» 
cKx^ff i e i ««^ c»MEi b» ciistsaUaMS fxipa '^ iJWXMts tl^om thmixf 
onXy* ^ i ^ <^as o o ^ f i c i g i i i t i « ir«34ait^ i I n trnxmrn o f 
2o8« aO'^f£iM<i»t ma i msan ia^ i (23} | 
%^sAxm tii« 3008 f9ed££ici«»t ^ ^ l a obfeaiii»d fsoiiit 
ooj«3r 
n^ci i i« c&iitaiiiiid Icon th« iaoimicit»B ^ki$,cSim»Mm» mt Um 
tim-i %t outsa t i n tia» inia«MMMi fliA-^lMMKiHE«t.<tnvMB «» 
potMKtial Hem* ^Oiix&i has baon 
.^^Tb .1 g , i i : i nil. Mui^ v^ B *gg»>sia'f&"-'"'"'>->^ -" ( 2,32) 
v,.mEm 0^ i s »» i)ailit;i€fiuil. iBo@Ha»lsuEigi t^ic3fitifi&» ^ @ t ^ 
aja^^l«aifti i^B& twamM t^ impm^^Mim i ^smm for w^ 
^dbois ilTi ma 
3f^ m&m^ h&M Urn- psoMgim ^ni,<$mma& a t Ui& po in t «^ 
9@p»r&M<m mad tl^ t ^ pot4)iitia4 fllfir v«ft|£>^^ m% t^@ 
PC4&1: of »«pir«bl«esi A« 1 ^ cvilmslim for t ^ p&iMl^ of 
MOftMAL -
NORMAL 
CASCADE FLOW DlAGRAf^ 
3> mmm*. ,<-? ,^»^i 
tixmt 8 t ^ in i^ie botmdasy lay<ir ooisputaMcaii i s tt%a 
calcsmatiad o€ ^ a valocit^ aintril^i^&iGii «co«^-' iHe 
}3i^# for th<^ x^ axiga o£ ixdBS^ oN flaEt@3.^s of iSEt<^ riNit&. Mu 
pryi»WBkt #tuci^ t ^ ^ s i^a v^iM^att^ <Slfi^sribilt;iaB en £c3iBKi 
oupt^  o^ ipaaei& i^itaJUILy i^ oc a oascacl^ t>a8t ootidac-t*^ a t #i<i 
CJ^v^rait^ o£ Sdiidaifr^ as c^^sortj^ l3!y I'tavaii mAism (20)-
Bor #ii3« «:^ [^ €(cimyiit€a pliftts o£ noOj^ aaiBtafiffliowal ptraa«SHro 
C9&tii££i<d€ttit CL< «^«inat l^o iieii*Miiia9cijBie«iaX <:tM»irtat>/i89 
pooii^iiai aXoc^ ^ # b|4K3<i, :^e £e»r th.-- iiiold>3»ees t o t:^ 
ccAsid^Hrad or^ fiaaa« ^~^ pjr^asiira fiiota are ocmvortad 
in te oc^KliixiaiisioQaJ. imXocitY p lo t s Uwing tt>« Beimotxiii^^ 
ttioatkm* 'S^^ a» ta i l0 o£ caae^ icSd are as foXJUMMa 
maS» P£t>£ii«» t 10 € 4 
( draaX&x arc e^s£>ar ) 
Sita^gsi^ » 37° 
o 
BXin&& ijBX&t m^gX^i, p . » S2 
BXsKie OKit «cmi€t« 13 2 tt i22 
p^mSMf chosa iratio# ^ c » 0*7S 
i^ti^  ittci<iinc^a t imt ar@ oonaidarad ara 
U) i « 10° 
Oi) i • -2° 
°< ,^» £lxM aaaglvi a t «mtry to t&m cascada «» 62 ° 
•X^* 1^<3*' ansi't* stti ©xAt to tli# ca8C5ad@« 29.75° 
^ ^« fXow ao^i-a a t «o*aey t o tti© casca»3@ » 50 '' 
o< 2" fltiM aaagie a t a^i t t» tii© oascad© » 26,5 
i.3t tiii^ flow aa9l« oo«r^ »s£>cssdi&g to tha camsmH^ radati 
IB 
tVi«r®fii>ra for i «» 10 , <^^ » 50 40 
Si 
tox: i » •2 < o<^  ^ tt 40 12 
El 
l^!li«d laala pi?ol:>l@ra in thd pr9»3att sfsttcly i s tli@ 
@atijB>atiOB o£ i^m idOEOMOtisa thidcfi^ss on blade mwetmetam 
a t t^ «^ traliiUag a t l ^ ( as racc^^aatiffiB tl'iJldkness i s a 
mmaaieti oM ts^e l^ emsttBi i n tli^ £IGW ) • ftia ma^ixm mmg^A'-
t a t ioo w;.jck 4^ carried out <m Ifiii 1130 ooepixtar insta* 
ilfiMsl a t A.M.U* oaap^me o«Kitra« coi^ttt^ir pcogranis wMfa 
(a) iiit«»-polatioii o£ C_ vaittaa a t intaKzaadiata 
jpeiat^^ o£ eaiotiXation tiaiiig a;6^ic ^Xints 
liwdthod. IBblB pirograta a lso givus tiia valts^a o£ 
filrat <larit^tiva« a t m& points oonaidaradU 
(b) the tEfaMaitaa eMathod £^r Jtaaiaar Ix-^sm^imy 
}Mjr&s oaXisiaiatiiegi* 
<c) tr<3»sition poiaH; aatimation nt^ing f-iiol^i'a 

< - | - ^^ * * * %1 ^ *•* ^ 
]^w < 
IB I @ 
( 4,2 ) 
i#i«re y 4s W^m vector »««i v« ioc4^ t^cti i^t i t*j# 
•"IP* * t * » <^J / ^ » ^ , ^ * * * ' 
of C ^ against ^m • ii^p«^;i4:^ (4*4) a l o i ^ v i t t t «!>« «M%a 
i n goeiira^ i e r a i l . 1^ * ' #E^ i»r eaaas t l ^ v^elodtir pl&tm 
QK& imoo^ I n iiat»ire« Sttrthiir t iw f lew i « a«!c^aci^s«i 
h<xi&asm of th<s! grdal&i^ mmt^ of da^mgo ot voJod t^ . 
Sl'iifit values of tii^' Gc}«i££ici«Kiti oi: pac&Beem^ 
osi|;)az:iyi<»i»ta2. plot#« at. ^agoal tnturvaS.* ris aaxua<||f 
&M'^ix3oai^ a oitiipaber prDgraae ^a« aavoXoKiOd for tiba 
i^ Dovts iMslKtd* "itom OHMO flpiioa »^ lsSK»a also glv^a t^ hMi 
f i r a t <l«eiv@.tiv«i a t anyr point of coAaldiiration* I t mast 
«Kiua&loB mi £«quir<ad in tiMi ciftaic apliJummMStiid^ ^ e 
hoB i.jpmaiM^^ tliQtt tMxci <:}«iclvaMv9 adret ooitiijaiiDtte 
a t tbM «iiidi pDliat oi: th^ ctirini* Sh<a ptm&m^ sty£||r tx iad 
ciDdifl^ ad Jya €a:d*M to 9 ^ iijaso'tifci x^milts e£ tim fiir@t 
dm^'mtt^vrnQ a t t^i^poiixt of iii^ur<3^. IS10 8«Maoofi. 
d<ariv. -tiv«»0 a t tbo «iKl points a£# ooQaia«»t«d ^ bo 
£^eo i& tlio i s&ai i i^ jpcogroEio* mmmi ins cx>8diti^A8 
iii9cia»sairSl^ nosiii l^^t tli«> ^Otiio i n hijigod frool^ a t 
tH© m& poilMMJ. 2t»«a gir^fii obt£*iii«xl by tliia sjutaioa f&t 
tho o:^Q€iic^jnt o|. pcoaaiaro i s 9iv«ii im f igure 
/iftor f in i iag owft tbo valoc^«3r distribistlisii 
tlie bouaasaty i^^fme c«ictil.atiMl was s ter tad i& stapm 
ad atootioiMKl i a chapter 3# Sho tJ9^>oriaeH&al iro&uJlts 
£i«e undflc natisraX tranait loii «aa ^tirofoso tho 
^irlDUl^iftt homk^^aicsf X l^ftdr calcuXatie^i rioSit fsom tHo 
jLsiiditkg ddyd 1 B aot carri«id o a t . »«falk«E' CD ha* 
l«»t , pjeebabSt^ r originated iasgely tx^m obssrva^ioiis «£ 
tr@auKltloi» on f l a t pIttlMiw* zi; l a lio be nolM^ Wiait i e r 
2.-^  ldi« iMusrat. «»g mi^ebii^imt &LgiM beoQia^i aXsao&t ooiJB^i-
^imt with th» c«JU3i»ii«^ )ad poito^ o£ ias^joar .jUi@%iibiii«ir« 
Bor l ^ i s wmmm, m-m lti©o£itic©l laialir®®^ o£ em&omSm 
pme6oxmi3m::& h&v& asmmmd tarn t^iKbii3.«i^ £2«w tc> oi?igii»^^ 
«fe Um hlmda looting «dg9» 
calcuXati£)ns vam pxoqimmOf^ for XBH 1130 OD^t^^ac 
ms3k tints csoas^ inibod r^^auJLts era sAvoi-.n i n £i@iHD.ia (3A) 
( 36) ( 3 ^ ) ( 3 J ^ ) # A s i s obvioaa tha inc»!ia^ s«Ki 
les« fliicmXa incr&B3«» dlon@ the di&Rd whidi i s hm$xgQ 
Ql^Qxljf mumn in tl^ © abova £i^»rtis« t£fe@ esoe^ citaHB le« i 
on 1 ^ aiactioii Aida shouid }M naturaia^ ini^e f^ bao ogi 
Xea«o8 £d)ouid iaac^ Maafii vhim^ t3b& incidisce iM 
S$it:»9@ oEd iniicatedt fcy tOxa C-4-) R vs . -^c/c 
*-aiil^ disct»s.^iii9 tli«* rwssatg for l indii ig 
out thQ ti-unaiticai po in t on th© bXada sur£acae# 
4 t km % ^ r ^ sissiteioalagi t ha r u a u l t s o& an isoXc^^^ 
asarofeHl a© QxplalEOi tr^- tidiliCiitiiig <18^. iia has 
tiuducod tlia rul^. ..u „ rough bas i s t l ia t the ijoix^ 
ot tycaasltioEi almost c»incidas w4t*6 a i a i^jUit ©i 
laioinspBra pras^-iir® of th'^ ^ pot iaat ial r343« in Urn 
raag© ot Reg^noMs nisa- era frocj 10 tso 10 • .A v^«y 
la*O0 li-'yisol'-is nuEfcHar» t h a po in t of t r a n s i t i c © asay l i e 
m i^x>rt <lii^tanc.. i i ifrtmt o£ t h a t pocdtlan and i t inaif 
taovid a cxnsidii^aJble di@(taiic«) b ^ i n d i t a t sraali 
H*j^nolds nu&t)e3Cd pajrbicularly vht:«i t he psre^i&aro Qraoli*^ 
«i»t f^hothiar 4^ V9 or -^ve^ i a s p a l l . Forth^tr i t i s isbs-* 
arvaa t h a t t he po in t o£ tzrana^tion aXv,'ay9 Xio^s ii^Eront 
4G>£ tha po in t of IseEdtnax a^m:&bixmt ixr%Bi^x%lvm o£ ^^m 
valuta o£ t h e R^^fnoldB m»i3@r8« ^ikus th«i r t i io may 
bm €«tabliidi8d t h a t tho pc^lnt o£ t r ana i t i cm Xisw^ 
b«^Una th@ poini; of mioiiaiit p£«@ i^ir@ 2:«il; in£ron t e£ a 
po in t o£ iifiilttas: sNap^^atjUm^ a t a U mto&^ v&ty l&segm 
RtjyDolda nui^«r«* 
llm-#iiv«v t^m fi^tttatica i n tho c&«a £far f2AK# 
thrcmc^ cam:aaes sspimaca t o be differi^nt th^n t h a 
eSbov& raantioiMKi r«»0ults* i n i^& pr«£i«nt stixeSsr t^)® 
foilowinQ t^fpioai r<d&uit« ar« pC9.'^ >QS^ aa &»r « 
a€iynol4o nwsbar o£ 10 • 
imaXdmrnm « icP « suc t ion sia® 
Point o£ ointfrnan proii^uiro <» 0«03S 
cl4atribufc4oii may h^^ prcJBiteaefc for th*^ Im^m: va.i«6ia* 
'Ife^ pros^life firtwidy a;:> woUL as tbati oi: iiuraix iiol-ias 
( 20 ) *JOQ» ae* tf^Q t h i s varl>uv;ion i.;fcscaas« of th«3 
i2l,j;;.ti»K:*J Of !^«i:5arin»i3«|tGl rr-jS£}Urv,i plots* 'Bi^ p o a l t i a a 
c£ th-.:; It-uidaor s%>tarati€m p o t l ^ w t l i tharosBora 00% 
vary ull^i thii vairiatieaa of E-ynolds i»»sl>ero, 'i1»is i^sf 
- fe^ do 
or la « - { J ^ . / ^ ^ ^,(^^'^'-•1, ( 4 . S ) 
n 2. (Jvv« C 
m tii»d «Lov«» <«srjaf©s*a4oja tli« tuna ( ^ > •••"^ •'•*""" i s 
pU3c<i>ly a £umit,ixm of V9lccity diatwribistioa a s ylv@o 
i o ( 2»8 ) • Haticai tho prn.'Siius'a Lrc^disaat pa-:€aaot6 j^r 
m is olao a fancfeioa oi: V'^loctty dis t r tUit i^oo <mX7* 
!iSfw co£r.,.-s,oiKJ4nc. valuo of the c^iord for la «-0,08a 
i^ th«s£«£oro 4i3i.irfXjeRv3.i«jt of i^^^^ioias Bulbar < « « • ) , 
i'iidjaii*© crit««"4oa ©oves tcx-.'v*ruu tiii:? leading od^o 
whofi ii«iyiioidi* uyiEb-.«ii- ii» ijacraai*«id^ ae i^- oKpectod* 
It>r t ^« caa«t i iXua t i a t aa ai.:0-% 4 t i a iofear^-^stiUQ t o 
aofce t ha t tim poitife o:e fersmaAtion aliaost «>iiJCid*^8 
v^itli point o£ X i^miii«ix s ^ a r a t i o c i a t ii€iynol<3s fitjBi:^ tr 
10 « st^x voXuea of ii«i>yxiQld0 otnab^ara groat^^r th^at iO 
tlia fcranaifeicai ,uoiatea wear© in Irronfc of a lasdnar 
643p@cat4c« p©4»fc» aJia va-.iatlQO or trMiai1:icii poisfe 
rasige M^ bo«i*<a^ ..ae3r l ^ o r cm prasgiara surface fior tO*^  
dte po^ii-tltoa o£ 'ti%^ ar|.'t4«:»X po|ii% laaing found .£k?c@ a 
plot <^ aeu igp agaiairt; &«^ ^^ ^ «»f ^frevtcuc 
itl^ ov# pl#t cuati |j|£>-tai»a ua-.J@ «iquaMcm (2*3.1)« 
ikill St QiJtMJm ( 44 ) \^ M3.# diaai«ai i^ liie muitliDai #f 
mltdMl h&M poisti i l &a^ islsm aeizlcmm mi cr^tri>® (4S) 
lana iisMLtJ^  & OaBs^ M^DMSi, (4$) •il:>c>ati t2%i> Utti ac-'iir«M:ir of 
Mldti€>l.*@ wir|iK>d« 1& i s «^ 4»l;i^ «jd% tao ssn^is ttmt tti# 
"^ ^ -^stieii Q£ ^^0^1*0 cm:ytsi f:^£&dmc^»^ l^ cr«&«tr#«» C4S) 
Iji tratsjf c^sNi tc» m pMft €>£ urn a^iatest km £or tliM3» 
Star©. pKas©m?# •yrc.scJifc^ it iJOU«»i.,ije]f ia^ -^ j^iir givwii ij^ f i:^ i© 
m^ ii«3»aA-iy p#x'alJ|,«3. iio--*, v.hicti w^oas that 3 « H 
^mm^xrs ixi t*i<^  qaIcul,-t4o» naaiilts l a iorau arroap i a 
iilj^ i3wE»i of taa^ poiote of traiialtdboo on s»r«ssur« stsrface 
i^ ifteaEr 3*cait;JLl*Q t^ b® poitot of tratia^liito© Hi*© 
tart>ul^it IscHtfidiax^ l^ayar was starls^a «s4nc5 th# w®3.1 
iiiicli»9 oerts t^oo^  tafe^ajy^al® iasiJociafced in t h e afccjva 
iiit«^irstXoo umm mmdm '*^i^ ii^^cnttts ttildcoQ®® d i ^ t r l b -
utAo© mn prwOicfe*! l|f 'She at«wt3 a^ -st^ boa t© piot.t,«!€l iii 
t i o a of tfes»shaf>0 factjor < H - S /e ) ijpvolvos c-air^dgiil 
itxfc>»^rat:iaQ i-lsi'di \ja® obsarvM as a t a Iafc«r sfcs^© 
a oDrir©Iati€» i;>9ete.;<a«i H asid L- Cauao t^h r^ ^mp« fac to r ) 
i.hicfc i s gtv«ti. iM tija form of' a graph. ii$ ore.eac t » c*i® 
mtSi tM& -ajrracfeuiMwi «?f t ^0 coiapofeor jirogruEE® deni«iiop«ij 
cai,<aaiati«»ss v'scr© pmc^a^aasmi for tliQ kooivm raoulfea 
9i,¥^B 1^ aaiittt C3t>» fefeiia &jXi^>m:ijaQ tfc© ro3«lt.s» tti» 
i*J0»iiitWi3 'ti"ilc&jMa» var ia t icm wa» s.'-^ 4;*«cfcl:^ ' v^IrttdNt. 
routiB«3 o£ HimgAa i^St^ staMOiXI laettod wss oiplofad for 
titimls &oim$,fm^ * ^mMk t l ta lafecoc^acstlon ©« th^ above 
rngsc^moaab with timr-^a^ltm given Jay aailth (3-9) • 
Sox th& a tuaiaa iiK».^ jir cxmsidoration. 
fciCtor H « was apiici£l«d a s 1»4« Slbd oorr^aponrlinfj 
ob.>urviitlc«i <sei3Exi.&a Mat tgf tiuauir (16) al; 2»I*sc 
fac tor £01: <:iyL-f<aBt€«i^  ittetdeeoQ axi(|X«s a t tha poljst of 
tJC«fiai%a,oB I s ml£ao@t *msmX t o 1*4* if i is value o£ i^lii^e 
£^Q0sox t^ aXao t3k««i ^or tiarbiilMst tocmyMry l a y e r 
caxculat io» on £:iat |>li»tyi@« 4Si(o cc iapu^baa ira&ulta air# 
plott*3a i o i:lgiB:© ( 7 i iox dii^^'^^ ..^mil<3M cwaabi^ c* 
ciiaEK-'rallj/ thta tarbuilc«t bouri'-.ar:/ .^afSf-ar l a 
COD -icterestt t o segjerat© fron tfe^ '^ surfaces a t vaiwaa of 
E bat^ mm l«8 t o a«4, s^tmedc^ aeftsdccxil:, tarn giv^n tt^i 
Ijjoitii&gi valtKi>s ( ^ 1^  bats^eaiQ «0«13' t o -MO t^S* liMisa 
vaajitus «re tNnood ont iaeti^ u a r l i o r «xpi«riBMiKl» casrri«»ct 
oitt (JBK^^  t««ro-aia«ii^iofial e^adi t ioiui . t$i9 ro&ixlts £xm 
caacaan fliiirs a s^ laic^iiig i a l i t a r a t s r e * l-lo^avar 
mM% tm lo3Lmi^ swc£micm& ham ccam ocsrosa tim tmfimXmi^ 
bo^maiii--y lajt&i: &<3paratio«i tovax^$ t tm tarailiJEK} «M^I«I a% 
tao4«d]:ate> bXaOa loo^ii&g. lid has £i»eth«r oc^icliid^l ttiali 
tbQ ^mly«i of H a s tilglk aa 4*3 m9» eltmmev&A a t t h e 
p o l s t o£ ««igp^ uratl.<c«i« 'iM« wiu» ocmfiamadi £st)a/»at«a^ o f 
<^ iic)£@ii 6mm surad £or fldir visual isat ion t&e:Smim»* 
m tli» pr«d9aiife iitod^ t^ vmlao &£ x> «% aaparatixMd waa 
tl^ MraiosrflM tMlkMii^  t o b« «>0«ao in ord««> t& ^cc»ra(>dat4i 
hic^lior vQhm &t t^b& tSsm^ t&aixac »« B&aad 4311 t l i i* 
a^ttiricm i t %i«ui oba^irv^ l^ iact titMi h&smoxf Xs^me wa^ ? 
H0|^ ii&2,<I« mmtm: iiicr@asas tlia OExiatanco of boutitdacy 
Xayoar s^ i^pareti^ afi i s pr«K31ct^« Toot iJ r^t^ Mur :toarea«9 o£ 
itasnolcldt oysi&»(Kir tlie tydirbul^^ boaG»3Q«y iayaar «N^«ratictt 
di&sqpptiari) feon tiie ao^n£>., us o»ier to \m^&e»taaA A 
aX@ax picttttTtt j^ our t^a prodictioa of ti£Bbia.€eD^ booadiisuE^ 
XsQf^Ht a«i$>iiraitic® l^ tMi vmrimticm o£ tlaa j^ b i^^ ii fawto-r 1> 
a,,^U»st tSmxcd wiae positioii £or dUtt&sm^ R'^J^tmX^ 
iiisi±>€ara Vira« plot^tad/^ ms sh&.-m. ia £igiiro ( 7 > z t i s 
«|)I>arent lAicit L «i#c2r«aks«K0 towajsito t ^ t r a i l i n g #ai9#, 
Fmrtli^at in tl»o abovo tis^W'e tlitt oiuevB §ox ie»»«ar 
i^t^ jftiolds aoG&MHr i « nero »t«a|> tli@e ^ i i ^ for hi#k^r 
H^:yw>i^ ma»to»r« Xt amy lam aotaa fxicxa tiia cuucvo ar^si4» 
tliat tli« l- vsariatioft appjroociiiad ac idtsiirst^iota^ tl¥i 
Xiii« ^Mixlcoa :eor a^pax.-atioii £lor cmXy thc^ft iifi3^aolcl« 
QUBBi^ c^s iahar<ias t ^ variatioB £or ot lv^ aus'nolds wm&me 
vm:m imXl «ix3V« tlio %in&. Tb^ ^mm tlve reaaoci t h a t t^io 
tu£lml«iiit IsoondarF iair^or s^pcuration polntii ^mr& not 
prtddict«a iSurlag th«i ooet^iitatico. 
aalt i i 011) tm» pointed out the usiiDrtc^iofi of 
tb« lEiiQKtfi«ds# o£ |«K:QJI opofficieot of iiati £rieti<3ii 
i^n^ ^cJ:>i i i«^ Of t l i u bpimciajr^ la^r^r oaad rnxxmOSy 
blad#ci* ^ 3 uSi^tnbitt ioci f ^ li^ ^dct tr€iiia£@c OD9ifia4«Bt 
i a ir^ii&r«afi whidh# ttai»g Ru^naoldtt SKiaJlogf t o 
.,ja^^g & TlX3Liii^ ci t h d ^ m £ r i o t i o i i aD«dg£iei«l^ i s 
sSi«i iK..tot o£0^i#aratiaa laajir t^uiro^^ra h& tak«Ha aa ttsati 
tiu» ts»^ v-i:ita.' la «Mi<»cl iipK laicat iag t3^& p o i n t o€ 
«-pairafcio(tt L-sMWd tm t^m ai.=ov© av^vir«e**+s.. j t i i a c l aa r 
££%»' I^ H» i^gisr® t l iA^ tibd crit^ioricm i. «* «>0«2 
inOica^^i^ uari:^ s^^CKi '^atioci £oir both ^im caa^ dNS 
co i i« i i ^ r«d . Hoi.«»v^ ,^mi i B d H e o m i a ^ " ^ l ^ 
<Si££<»r€tlO&s b#tw#«i t^l@Xooatioii «u». pr«ddictiM2 Is^ t l i i i 
al30VM» t ^^ 4iffar( i«st c x l t a r l a <ur«i l<i»©a » 1:0-«» ovur 
tdia tmtiard o f th«> cwcvmt ar@ at^ CHOth i n LotiU t l i e ca@«N». 
e^nmitiatd tSm oo«££iC!i«at o£ dcag as sug^^a&tod ^ 
^p«4^(il & ^ i x > l « ( 1? ; • i^oc ^ O s <iis HJoiaiaiitiaBi ^^CSEHOS 
«As a t ^30 ^€t iMEig dag# on th@ blaao msxftagm& wsm 
31 
ODSusi^nratiif»i &£m piotit«»a iM figara* ( t^  6 ) C-——}» 
I t laay b« saotodl tshat th«» r^ -^ tw oi: laocituBfeyra tiktidkmsmm 
cm tikm snetioB slcta* p»rtli«ar>CMi maati^pim •idtf tlia 
IJI «2nost tiN> aaf3& as t l iat &>r •a^ i]icia«»ic« partio^h* 
laxly ofe IdiMar E>.:^ itio3.^  norobars. On pr@B©ure aiiir£ao9 
£m&viX%^ 1% am^ aXao hm ^nmcv^A ^ a t t l ^ raaBniitn» 
t&icic»38« a t trallijaig «eM3«i oil ^^&BWcm avaeMwem a t 
likciaaKtcid «»i'^  i » t»or# t b m t^ Kat a t ijoda&msm of 3.0 .^ 
3li# latt<«jiff r esu l t t& humtd CM tha £acife tha t t ^e 
boundary i a y * «»a t»«J Xoainar for irf' lnc t<l««. o» 
istKieaE' vmkt tiraaaitioii at2t-s' poroMst o£ K^aox^ &>r ^Z^ 
isicidsiicet* s^l)« iosmaa: remiXt aa dia^oeBttd above was 
a M t sNa2 ;^»£i3i»g, xt was tiMetsficicd thois^K to proaaai^ 
tliei St^lUmimii TitmoXtM in a tabtxlar £o£»i to fiUatil (:H;et 
tittt roaaoa^ fiEKt aliaCNit th® awm .^ aoBMOtiia thidtaRt^ EMMitt 
o o 
at; 1^ 19 trai.lJ^Q @a@« ftsr IQ mii& •*a inoiaioeoe csn ^bm 
A 
ismstixxn amrfaow* At a m&yooXda nrnkmc of 10 ^i« point 
of txmt&ltixm for lOP i£tcia@»csa waa a t SO p^yeoant dtoJ^ dt 
%^4acaaii for •^ a^ isactiSmnem tra&sitioii occstsrad a t 83 «S 
pmeem^ c^tord* i ^ f i r s t o i ^ ^ i t stay as^oai? t ^ t ( ^ ) 
a t traiXing ^iga for icP incidaiioa %K>ald ba vaimM grts^sl^i 
t^ ieoi «hat ^>r 4»a® ioddaikco* FJDOOI tabia I t €^ pw3«%rs tliat 
thiara i « Q0I& e»Kli diftacwic^ in ti^ Xta^s of e /c a t 
m l a ^ boisg 0«6i83S iHd O.Oli^* m i s isir/ bo at^clbolKia 
to tha fact t ha t thd valiis of ( Q/c } a t t r ans i t l co &Mr 
-2*^ Inddeaaeoa waa r-TOcti cpE^ ^^ tsM: t^bao ( e /c ) a t 
t runsi t iuo , val.iia8 &ar la*^ 4iic4-;,.,«ic« tli€>tiQ^ t raasi t lcai 
occur^a r:%K^  QsaelMim for 10^ iiicl4fliiQ«« 3!ha r^au l t s a t 
hi^Mr ii&'jms^dB &mxst>im& inoticgabo/jf t imt tOiora la SOOMI 
ulttmemam l a tli® ( t?/c )2^ i^liftd for tsiu too ca«©s 
Having <li30ii3S9d Mxmt ^le «^v#lc^3ni<a»t ^ 
riKXBaEittsi thldim-H^ss a t tx-aJ^jjiig magst oa ti»& blade st»r£eie3B 
the l a s t aiscwMMB^ oa wotiXd bo idbo«^ t^ Tie r@miJLt&- of I^ Ni 
C9o*^ficdaiit of drftQ <ml04a.ate>a £ ^ diffexngett ri>jynoi<3« 
mxskmemm 'jShas# r#«alt» ara p l o t t ^ | » £lga£@ ( ^ ) 
&|£>n9 t^ *ith t^a r&suits 6c;${|?«Jt@d feQf l^uroli. l^ bib^ A ( 20 }« 
JlKa vaJLvmt of GL as i^taiasia 1:^  3q^ l&J^ gl St imxmg, for iso 
-|at€ia tsvaeoiSsAXeh a r s alao Vlv<«o in tti<3 aas^ f igure . 
FurtNKCsaora tii^ mi^pasiMm^lsaJL r@a«ULts of ^ K . H * M * auaai^ g'(47) 
as r«S)ortaa lajf l«srali {4^ia» C^) aro «a@o plot ted izi tba 
abovd figtiiro« ^ a ooiss^^urlsoii ai'io»a tl iat tbe cci:;;i^ rt[MKi 
-vaXiKia of c^ bmmd on til® iNrafiMWt atnc^ ar@ low««-
tiian tScmmt ef Hnraii HDbai} (20> fer aXl tho Ec»]/noia@ 
stisibara«» iMa i n Isaoatiae of tlia faqt t l ^ t ^bm t r ans i t i on 
M&m ooftidQi^ wad t o V^OCXK BHICII a£irii<ar thaci the posit,i.on 
as praOictad last I3ic$}iii*s OKitarloB ^ l^a prea«abt 
^»»c^* i>ua t o tb la i^aboianclaxy i i ^o r ^rowl^ a t T*4it» 
^a& Giora ^l ich saaultad in h i ^ o r C^« 
(J 
than t ^ t i^ D£ ••^ ii«:l(i^ac»« i^nr^vac tliti- r«^s«2ltd %il€itMm&. 
for tli# ai>o%'D iii€i<£iSBq3» are 3ri#v#r@«i in &a'&vur«i.« SbH 
smmmem. for tM# i e that: Hl<;l»i, *» caritaricm <li4 oci^ 
.pir«iaic% tli« point; <»£ tr@«sit;io» cm ^m pr^sauura siur£«i3« 
for 10^ incidsBiesa i .©. tawi toowidary iayar r»«®,iii 
i^2i^|jiar vpto ti»$ t r a i l i n g ^igm £m: t^m W^^^ius^^ 
p r ^ i c t i i m elf txiaiMlticsi poli»t tina^r s»eli 
tli«t«io-e «^>airaisi^  t tiat 1^« sua of C -*§*• )™,,, €» 
©uctSoB si4# aaa ( *%^- )_ -oa pf@»«i»# #i#d for 
tiiiiSae .®i*eli c$jeismmtimms m& emrm ©t <^ for i©** i i i c i a ^ 
-e« f^ia.4 hmym £9px&m(Bm& Mytee r^ v a J t ^ ttwai tij©s« of 
•ii^ iaciiiaBis®. ^lils s^mmt wan octt t r l ^ i » i>>* |»«ai»aw% 
&i^ ti% ^i» to ^m l i i»i t«l timo* x% 1ft worm mm&^ijm^km 
hmm mmt nmmMs^tMa mmaim baaMad cm l^a pr#s«t t mm^ 
mm in good asp a^oiMHit wim Urn m^ptmigmmtaSi, tm&m.tM i»i 
m 
«a:€ao«i« tttai^ wm m& imwai&mt in c^ mm mtp&etoA* 
hwe^li, Mdim& iW) heat p«dbap0 not £diai4e tihis a^c^ict In 
tmm IK I iiiBiff W •fltfii i-TriaSffri ilfill'tlliBn 
lia« bmmn s tudlod* f o r ta:ii» « ^ e wq^meimao^bml vosa^ t * 
«^ nrtti » disMKiMioiial i^ MHUMEUMi cieia£IEJLCl'€Biut Itoc Ifjr tuetA 
i s oftXeua^tAd «it«lJ»9 the w«dll Immm Tbaut^&^m aeldiod* 
t ' i i^i«l.*« critflodton lias hmm a ^ i ^ t ^ fie»r t t i » pgrnMiotixm 
&& trixtisiAI.«3«i p o i s t * 3C6 i.miammv&& iSmM, I ^ M IO^OVS 
cirl%@anoft £aiX« t o pir^dict^ ^Mi^ tvonsl t i icm poiit% on 
pfiMWMira «o££ace f o r iC^ $jaAiAmB&m «% l^^^r R^ynoMs 
mmSomcB « 2iMs irt»&taXtii i n « l£nf«r jaoiwHit«B» t^icic»ttwi 
a% tltm bJUute t i a U L i i ^ «»^4i as aemprnt^ ISG i^ tiega i^i» 
t£«& i^ t lo i i «i»tiM liav# ocK;av0(i a t aoi»» p o t s t * ^»o 
^»1^» «^ H ttt t r a i iM t4o i i p o l a t i s a»aiiiw»l t o bo i»4# 
Xiii^Ha.«^ botaadsory lay^ir GaX«!«^ti<m i s lawosisd mdt 
,^jet«c {predict ing Wm hmmamey i aye r 
goQur^ en t i ia bXaas aaeAaK^ # Sp«id«a. «na S « I I D I S 
M t ^ e d o£ csa&caildtlag t ^ cxMK^IieiaBt o£ flssQ i s 
«ii l ,^fOd» A 3Aif«r iKOika o£ I. ( •» «e«t ) i s n ^ s c i ^ ^ A 
£oir ^ i « t u rbu l so t l30t»aaxy Ifl^f^r tHiperation* Ul i is i s 
bassd on sosw obscorvavioos ss ct^iortttd b|r Qaafdtir (16) 
m e c^ £or l(P i s Cotjfid t o bs Imm nttm tibmt £or - a " 
a|tiif«» & ismmg ^ hi^ i s for iaolalt^ mmo^hi^tm} $,% 
I,. MMMM 0 Qm0* 
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, n , ^OX-3V=J 3 d V H 9 
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t l M l ? 
' — —f - t-
1^1 







IFCXINJT X< I ) ) 5 , l , 2 
1 Y I N r = Y ( n 
GO TD 7 
2 I F ( I M) <*, 3 , 7 
GO ro 5 
4 I F ( X I N T X( H - I ) ) 5 , i , l 
5 Y I N T = ( Y ( I + l ) Y d ) ) / { X ( I + I ) X ( I ) ) » ( X I N T X ( I ) ) + Y ( I ) 




/ / FOR 
SJB^OJTINE S P C O ^ i i X . Y . M , : ) 
DIMENSION X ( 2 3 ) , Y ( 2 3 ) f O ( 2 0 ) , P ( 2 D > , E I . J I . C C t . Z J J t A C Z D . S ) , B ( 2 3 ) , Z ( 2 } 
N) 
C B . C . SEC3ND DEftly^ATIWES ^T THE EMDS PDIMTS klE ZER3 
C SQLJTION OF SIMULTANEOUS EQMS. BY E L I H I N A T I Q N M=THOD 
MM=M i 
Hl)=J.k Z ( M ) = 3 . 
DO 2 K= i ,MM4 D ( K ) = X ( < + 1 ) X(K)ifc P { K ) = 0 ( K ) / 6 . 
2 E ( K ) = ( Y ( K + 1 ) Y ( < ) ) / 0 { K ) 
DO 3 K=2,MM43 B t K » = E ( < ) E ( K - l ) 
A ( 2 , 2 ) = P ( 2 ) / ( 2 . ( P ( i )*^P(2) ) ) * 3 ( 2 ) = 3 ( 2 ) / { 2 . » ( P ( l ) + P ( Z ) ) ) 
4 ( 2 , 3 ) = . 
00 '* K = 3,MMk A ( K , 2 ) = 2 . » < 5 ( < - L » + P ( K n P(K l ) » A ( K 1 , 3 ) 
B ( K ) = 3 { K ) P ( < - 1 ) ' B ( < - i ) % A ( < , 3 r = > ( K ) / A { K , 2 ) 
V B ( K ) = B ( K ) / A ( K , 2 ) t i ( M M ) = 3 ( M M ) 
HH=^ 2fc DO fa 1 = 2 , M N * K = M - I 
6 Z ( K ) = B { K ) A ( < , 3 ) i ( < + l ) 
DO 7 K = i,MMife Q = l . / ( 6 . » D ( < ) ) i i [; ( I , K ) =Z( K ) »Q 
C ( 2 , K ) = Z ( < + I ) » Q * C ( 3 , K ) = Y ( < ) / D ( < ) Z { iC )»P (K ) 
C { 4 , K ) = Y ( < + i ) / D ( K ) - Z ( K + I ) P(K)%7 CONTINUE* RETURN 
END 
/ / FOR 
SUBROUTINE S P L I N ( X , Y , M , : , X I M T , Y I M T , D Y ) 
DIMENSION X ( 2 D » , Y ( 2 ) , C ( ^ , 2 D ) 
C CUBIC SPLINE I S USED 
I F ( K I N T ) 7 , l , 2 t 1 Y I N T = Y ( I ) 
DY= { 3 . » C { l , i ) » ( X ( 2 ) - X I M T ) » » 2 ) + ( 3 . » C { 2 , l ) » { X I > J T - X ( l ) ) » » 2 ) C { 3 , L ) * : 
N ( ^ f l ) 
RETURN 
2 K=14 3 I F ( X l N I - X ( K + i ) ) 6 , ^ , 5 * ^ Y I N T = Y l K f l ) 
DY= ( 3 . « C ( 1 , K ) » ( X ( K + 1 ) - X I S T ) » ' 2 ) + ( 3 . * C ( 2 , K ) » ( K I M T X ( K ) ) » » E ) C ( 3 , K ) 
J^ + C( V , K ) 
RETURN 
5 K = K«^lt IF(M < ) 7 , 7 , 3 * b YI'^T't X{ K+l ) XIMT) ( : ( , K ) ( X ( < f r l ) 
N X I N r ) » » 2 + C ( 3 , K ) ) + ( X I N T - X ( < ) ) * ( C ( 2 , K ) * ( X I N T X ( < ) ) » » 2 * : ( ^ , K ) ) 
DY= ( 3 . » C ( l , K ) » ( ) ( t K * ^ l ) ) ( n T ) » » 2 ) + ( 3 . » C t 2 , K ) * ( X I N T X ( K ) ) » » i ) C ( 3 , K ) 
N * C ( * , I C ) 
RETJRNfc 7 W R i r E ( 5 , i J i ) 
1 3 1 F0RMAT(20X,«DUT OF RAMGE FDR I NTEi%POL\ T IO^ • ) 
CALL EX IT 
END 
/ / FO? 












A N = 5 
S r- ^ . *> ^ — J 
STEP 
ALT 


























.D<»D5,. 3 337,. 325^,. 316,. 0106, 3./ 
yY/3.1,2.<»,2.0,l.8,l.6,i.5,l.4,i .35,..3/ 
XX/ 0.2,-3.18,-D.16,-3.13, 3.385, 0.35,3.,0,05, 
Ai!^ /. 5,. 292893219,1.7 071067 8,. 1666666667/ 
BB/2.,l.,l.f2./ 
CC/.5,.292893219,1.70713678,.5/ 





























































LAMINAR BOUNDARY lA/ER C A L C U - A T I D N S 
SUM=SUM+(UU( I)**5*-UJ(I l)»»5) 
THE^(1)=SQRr(3.^5/(UU( I)»»6)•(SJH UU( 
CONTIMUE 
BY THWAITES METHOD 
) * » 5 ) » S T E P / ^ . ) 









i II = I* THET = THER( I )/SQRr{R( j n 
JUT=JUll) 
16 CONTINUE 
C TURBULENT BOJMDARr LAYER C A L ; U L A T I 3 M S Bf TRU:<5NBR3DT MET^OO 
Ci=(THET»UUT»»((3.*AN+3.)/(ANfI.)))»»((AN+i.)/AM) 
SUM=3.* SB = 0. 
AX=}.k AZ=D. 
DO i5 I=II,?^XC 
IF(I 11)17,17,18 
17 GO ro 19 
18 SUM=SUM+(UU( I~l)a*(3.+2./AN)+UU( I) ••^ C 3.+2. / AN) ) 
19 CONTINUE 
THE=(Cl+A»SJM»STEP/2,j/S»»(l./AM))*»{AN/{4N+l.))/UU(I)»»({3.»AN+3. 
B)/( N+l. )) 
RTHECI)=UJtI)»THE»S 




ZZ = (THE»UU(I)**3)»*( 7./6.) 
DO 21 ITER'I,^ 
AY=(B{I) 4LDG(UJ(I)/UUT))*^.»ZZ»»3*A:»UU( I )»»(lD./3. ) 
HK={AY-BB(ITER)»AZ)»AA( ITER) 
AZ = e^ Z + 3»HK-CC( IT£S)»AY 
AX=AX+HK*STEP 
21 CONTIMUE 
A L = ^ L 0 G ( U U ( I ) / U J T ) + ^ X / X I { I ) 
CfeLL I N T P L ( X X , Y Y , M M , A L , H ) 
CF = }.246/10.:»»(0.67 8»H)/P?THE( I )»»0.268 
IF{05)2'i-,22,Z't 
22 IF{CF 0.0001)39,39,-6 
C 22 IF< a + 0.23)39,39,36 
23 XINT=(I 2)»STEP 
CALL SPLlM(XOA,YDA,MA,Ci\,XnT,YlMT,OY) 
aS = YINT»((UJ(I)/UJ(2Q2))*»2- .9)/2. 
Z'* CONTINUE 
25 CONTIMUE 
26 IF(L 2)28,29,e7 




X C T S U ) = XC 







31 IF(L 4)37,32,39 
32 CONTINUE 
DO 33 J=l,16 



























DO =5 1=1,N% 




















E 0!^  0-iOoe 





5 D • ffZ 
D.325 
y { J ) , j » i , M ) 
35 X< n = X<n/0.98 ' t 
X( J ) , J = i,:^) 
Y(J),J=1,N) 
y { j ) , j = i » N ) 
3) 
, • I N C I D E N 
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